Description 

A SYSTEM FOR TRANSITIONING TO THE TRIP THRESHOLD FOR THE START 
CONDITION THERMAL MODEL FOR A MOTOR PROTECTION RELAY 

Technical Field 

This invention relates generally to microprocessor- 
based motor protection relays, and more specifically concerns a 
transition model/system for the trip threshold of a start 
condition thermal model, where the motor protection relay 
includes both start condition and run condition thermal models. 



Background of the Invention 

The present invention generally concerns a motor 

15 protection relay using thermal models, specifically including a 
thermal model for the start condition of a motor protection 
relay and a thermal model for the run condition of the relay. 
Such a relay is described in U.S. Patent No. 5,436,784, which is 
owned by the assignee of the present invention, the contents of 

20 which are hereby incorporated by reference. 

Briefly, an induction motor operates in either a high 
current "start" condition or a relatively low current "run" 
condition. As defined, in the motor' s start condition, the 
current in the rotor is greater than 2.5 times the full load 

25 current, while in the motor's run condition, the current in the 
rotor is less than 2.5 times the full load current. 

The thermal model for the motor's start condition, 
during which time current is flowing through the rotor portion 
of the motor without the rotor actually moving, is different 

3 0 than the thermal model from the run condition, when the motor is 
running at its operating speed. The thermal models can be 
represented by electrical analog circuits, shown for the start 
condition in Figure 1A and the run condition in Figure IB . In 
circuit 10 of Figure 1A, the heating effect in the motor is 

3 5 represented by three elements, a generator 12, the thermal 
capacity of the rotor 14 and a cooling effect member 16, i.e. 
the ability of the motor to give off heat. In the start 
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condition, however, the ability of the motor to give off heat is 
zero . 

Figure 1A shows generator 12 to be represented by a 
voltage, the thermal capacity of the rotor 14 by a capacitance 
5 and the cooling effect 16 (if there is one) by a resistance. 
The total heating/cooling effect from elements 12, 14, and 16 
(although there is in fact no cooling effect 16 for the start 
condition) is then applied to a comparator 17, which compares 
the signal information represented by the outputs of the heat 

10 generator and the capacitor, with a threshold value. The output 
of the comparator is a trip signal if the threshold is exceeded. 

An existing thermal model for the run condition is 
shown in Figure IB, which shows a heat generator 18, a capacitor 
2 0 which represents the thermal capacity of the system and a 

15 cooling effect element 22. In both cases, Ri is the locked 
rotor electrical resistance, R 0 is the running rotor electrical 
resistance, I L is equal to the locked rotor current, T a is the 
locked rotor time with the motor initially at an ambient 
temperature, and T 0 is the locked rotor time with the motor 

2 0 initially at an operating temperature . Typically, Ri/R 0 is 
equal to 3 , while T a /T 0 typically will be 1.2 (the service 
factor) . 

Typically, the transition from the higher trip 
threshold of the start condition to the lower trip threshold of 
25 the run condition, representing a "cooling" of the trip 
threshold because of the overall cooler temperatures in the run 
condition, is based on an exponential decline using the 
following formula during transition: 

t 

U th = T R {run) + (T R start - T R ruri) • e~ *c 

30 However, when there is a transition between the run condition to 
the start condition, the threshold change is made substantially 
instantaneously so that the trip threshold remains ahead of the 
steeply rising current present in the start (stall) condition of 
the motor when the rotor is not turning. 

35 As explained in more detail below, an immediate 

change to the trip threshold for the start condition is 
sometimes disadvantageous , since the cause of such a transition 
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might be a temporary current spike or a very short-term current 
rise, instead of the motor actually going into a true start (or 
stall) condition. Since the trip threshold for the start 
condition is considerably higher than the run condition, the use 
of the start condition threshold when the motor is actually in 
the run condition is not particularly desirable from a 
protection standpoint . Once the start condition trip threshold 
is initiated, a relatively long period of time is required while 
the threshold decreases over time, by virtue of the exponential 
transition time set forth in the x 748 patent. 

Accordingly, the trip threshold will be too high for 
the run condition for a period of time, thus providing possibly 
insufficient protection for the motor during that time, because 
the motor could be allowed to heat higher without tripping 
during the run condition than the true, established trip 
threshold for the run condition would ordinarily allow. Hence, 
it would be desirable to provide another, more reliable basis 
for transitioning to the start condition trip threshold. 

2 0 Summary of the Invention 

Accordingly, the invention is a protective relay for 
an induction motor, using thermal models and having known 
operating parameters, comprising: a circuit for determining I 2 t 
values in the motor; means for establishing a first thermal 
25 threshold value for a start condition of the motor; means for 
determining a representation of the thermal condition of the 
motor during the start condition thereof, comparing said thermal 
representation with the first thermal threshold value, and 
producing an output signal when said first thermal threshold 

3 0 value is exceeded by said start condition thermal 

representation; means for establishing a second thermal 
threshold value for a run condition of the motor, wherein the 
second thermal threshold value is lower than the first thermal 
threshold value and wherein the run condition of the motor is 
35 substantially cooler than the start condition of the motor; 
means for determining a representation of the thermal condition 
of the motor during the run condition thereof and comparing that 
representation with the second thermal value and for producing 
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an output signal when said second thermal threshold value is 
exceeded by said run condition representation; and a system for 
calculating a transition to the first thermal threshold value, 
when the transitioning thermal threshold value is proportional 
5 to the motor I 2 t value. 



Brief Description of the Drawing 

Figures 1A and IB show electrical representations of 
the start condition and run condition thermal models for an 
10 induction motor protection relay. 

Figure 2 is a chart of current versus time for a 
prior art transition system to a start condition trip threshold. 

Figure 3 is a similar current versus time chart for a 
prior art transition system to a start condition trip threshold 
15 in response to a transient current pulse to the motor. 

Figures 4 and 5 are current versus time charts 
similar to Figures 2 and 3 using the trip threshold transition 
system of the present invention. 

2 0 Best Mode for Carrying Out the Invention 

As discussed above, the start condition trip 
threshold, used in thermal model protection of induction motors, 
is relatively high compared to the run condition trip threshold, 
typically permitting heating in the rotor portion of the motor 

25 to reach 3 00°C without tripping. The transition to the start 
condition trip threshold is based on the measured current to the 
motor. When the motor current exceeds 2.5 times the rated motor 
current, the trip threshold is changed immediately to the higher 
trip threshold for the start condition, since current greater 

30 than 2.5 times the rated current indicates a motor start or 
stall condition requiring the higher trip threshold. 

This is represented in Figure 2, where motor current 
is represented at 26. An increase in motor current results in 
the trip threshold value 30 rising to the high level immediately 

35 and then gradually declining exponentially to the run condition 
trip threshold when the motor current 26 declines below the 2.5 
times the rated current level. The fast increase in trip 



5 

threshold is necessary to stay above the initially rapidly 
increasing value of I 2 t (32) , which is moving toward the hot 
spot temperature of a locked rotor, information typically 
provided by the manufacturer. 
5 As stated above, however, the time of an increase in 

motor current may in some cases not be long enough (such as for 
a short stall or a current spike) to require that the motor trip 
threshold be increased to the start condition level. If the 
trip threshold transition is in fact made, however, and the 

10 motor continues in its run mode, the motor will be under- 
protected for a period of time during which the trip threshold 
decreases to the true run condition value. 

This is illustrated in Figure 3, in which there is a 
transient current pulse 36 to the motor, which immediately 

15 disappears. However, the transient pulse 36 is of great enough 
magnitude to cause the trip threshold 3 8 to increase to its 
start condition value, which is inappropriate because the motor 
is still actually in its run condition. The I 2 t value 40 stays 
low. Following the disappearance of the transient pulse, the 

20 trip threshold will then gradually decline at an exponential 
rate (as discussed in the x 784 patent) , with the motor still 
operating in a run condition, until the conventional run 
condition trip threshold is reached. 

In the present invention, a new transition system to 

25 the start trip threshold is incorporated in the thermal model 
protection system. Instead of the trip threshold immediately 
changing to the start condition trip threshold when the current 
to the motor increases above 2.5 times the rated current, the 
trip threshold value is increased in concert with the motor I 2 t 

30 value. Further, the I 2 t value defining the trip threshold (in 
combination with the offset value) will follow the motor current 
(as the square thereof) , but will stop increasing when the motor 
current itself stops increasing. The I 2 t trip threshold value 
is always slightly ahead of the actual value of motor I 2 t, so 

35 that the motor I 2 t value will not catch up to the trip threshold 
value during the time that the I 2 t trip threshold value is 
increasing to its final start condition value. Thus, the 
calculated threshold, based on I 2 t , will reach the starting 
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condition trip threshold before the motor I 2 t reaches the trip 
threshold. Thus, an unwarranted trip action is prevented. 

Figure 4 shows the time current representation , using 
the I 2 t system of the present invention, for a short stall 
5 current condition of 5-10 seconds 44, during which time the 
motor current is well above the 2.5 multiplier factor. The 
transition of the trip threshold 46 tracks the I 2 t value 48 of 
the input motor current, i.e. as the square of the input 
current . The trip threshold increase tracks the motor I 2 t 
10 increase, except it is always slightly ahead in magnitude. 

The trip threshold increase during this transition is 
provided by the following formula: 

U lh =I 2 t + U 0 

in which U th is equal to the trip threshold during the 

15 transition, and U 0 is the small initial offset value which has 
the effect of maintaining the calculated trip threshold value 
based on motor I 2 t, slightly ahead of the actual motor I 2 t 
value. Once the trip threshold is reached using the calculated 
I 2 t value, and the motor current decreases to run condition 

20 levels, indicating that the trip threshold should change to the 
run condition value, the trip threshold begins to decrease, in a 
conventional manner . 

When the motor current decreases back to run 
condition levels, the I 2 t trip threshold value of the present 

25 will decline, with the motor current. A significant advantage 
of the present system concerns the event of an input current 
pulse to the motor which quickly disappears. Such a pulse is 
shown at 50 in Figure 4. With respect to such a transient 
current pulse, the motor I 2 t value 52 will basically not 

30 increase; hence, the trip threshold value 54 for the motor will 
not change in response to the pulse (because the I 2 t value does 
not change) , leaving the motor with a run condition trip 
threshold during the time that the motor is actually still in 
its run condition. 

3 5 The present system thus has the advantageous result 

of providing full protection for the motor during its run 
condition, with the protection being uncompromised by short 
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transient current pulses . The present system can have an 
additional advantage in those cases where the temperature of the 
motor is recorded as a percentage of motor current. In this 
case, the temperature can be recorded as a percentage of the 
5 measured I 2 t value throughout the operation of the motor. 

Although a preferred embodiment of the invention has 
been described for purposes of illustration, it should be 
understood that various changes, modification and substitutions 
may be incorporated in the embodiment without departing from the 
10 spirit of the invention which is defined in the claims which 
follow. 

What is claimed is: 



